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The  study  is  aimed  to  determine  the  measurement  of  sensor  tool  made  in 
Model  Real  Time  Hybrid  LFG-PV-Genset  by  finding  the  correction  factor 
produced  at  TP  A  Bontang  City,  East  Borneo.  The  research  was  conducted  by 
using  ampere  clammeter,  variable  voltage  regulator,  thermometer, 
odalog7000  series.  The  calculation  results  show  that  the  calibration  test  of 
Model  Real  Time  Hybrid  LFG-PV-Genset  from  MQ4  sensor  data  that  has 
been  designed  capable  of  having  errors  of  1,91%  and  the  LM35  temperature 
sensor  is  capable  of  monitoring  tempertures  of  30°C  to  120°C  and  has  an 
error  value  of  0,519°C.  ZMPT  101B  voltage  sensor  has  a  linear  output 
change  to  input  changes  and  has  an  average  error  of  1.499V.  While  the 
current  sensor  SCT  013  has  an  aerage  error  value  of  0,0022 A  CO2. 
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1.  INTRODUCTION 

The  fulfillment  of  the  need  for  electrical  energy,  especially  from  the  conventional  electric  power 
plant  (by  fuel,  gas  and  coal)  directly  contributes  to  the  increase  of  the  emissions  of  CO2  and  CH4  of 
greenhouse  gasses  (GHGs)  to  the  atmosphere  which  result  in  the  increasing  temperature  on  earth  that 
obstructs  the  balance  process  due  to  the  disruption  of  the  carbon  cycle  in  the  atmosphere  [1].  The  efforts  of 
reducing  the  concentrations  of  CO2  and  CH4  emitted  to  the  atmosphere  can  be  conducted  by  developing  the 
renewable  energy  to  meet  the  demand  of  electrical  energy,  one  of  which  is  the  development  of  Hybrid  Power 
System  (HPS)  technology  that  combines  several  energy  sources  to  generate  the  greater  energy.  The 
development  of  HPS  is  not  only  environmentally  friendly,  but  also  able  to  operate  in  the  areas  out  of  the 
reach  of  PLN  network,  for  example  the  use  of  Hybrid  Photovoltaic  (PV)/Genset/  battery,  PV/wind/battery, 
PV/wind/genset/battery  [2] . 

There  have  been  some  research  conducted,  such  as  the  research  on  the  potential  contribution  of  the 
Waste  to  Energy  facility  to  meet  the  needs  of  electricity  in  three  major  cities  in  the  eastern  provinces  of  Saudi 
Arabia,  which  are  three  utilizations  of  the  developed  Waste  to  Energy:  incineration  generation,  recycling 
generation,  Refused  Derived  Fuel  (RDF)  with  biomethanation  [3].  The  research  conducted  on  the  waste 
energy  potential  of  waste  incineration  from  the  landfill  gas  (LFG)  produced  1125  PJ  in  2012  and  2199  PJ  in 
2025  [4].  Ansar  Sayuti  conducted  a  research  on  the  design  of  real  time  gas  emission  tester  for  diesel  power 
plant  applications  using  the  MQ2  gas  sensor  for  smoke  opacity,  KE  sensor  for  O2  [5].  Alawani  [6],  in  his 
thesis,  designed  a  hybrid  migrogrid  system  of  hybrid  PV  and  wind  turbines  to  select  the  most  suitable  size 
according  to  target  power  supply  at  economical  cost  in  rural  areas  outside  Yanbu  City,  Saudi  Arabia.  The 
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weakness  of  these  research  is  that  there  have  been  no  model  that  integrates  two  or  more  local  energy  sources 
in  real  time  with  economical  and  low  emission  materials. 

Although  the  studies  on  renewable  energy  have  much  developed,  but  no  one  has  conducted  a  Real 
Time  Model  Research  on  the  Hybrid  LFG-PV-Genset  for  tropical  climate,  and  Bontang  City  is  traversed  by 
the  equator,  which  has  the  advantage  that  the  CH4  methane  gas  content  is  higher  as  a  producer  of  landfill  gas. 
This  potential  will  be  utilized  in  Bontang  City  since,  geographically,  it  is  located  on  the  equator  at  1 17°02 I’¬ 
ll  7°029’  E  and  0°00r-0°0ir  N  with  a  potential  solar  radiation  level  of  approximately  4,8  kW/m2/day  [7] 
the  mitigate  conversion  of  the  resulted  CH4  gas  is  28.786.022  kwH  per  year  [8].  In  this  model,  the  calibration 
instruments  used  were  the  ampere  clammeter,  variable  voltage  regulator,  thermometer,  odalog  7000  series. 
The  instrument  calibration  is  aimed  to  adjust  the  data  resulted  from  the  sensor  measurement  made  in  the  Real 
Time  Model  Hybrid  LFG-PV-Genset  with  standard  instruments  by  finding  the  correction  factors  [9],  [10]. 
The  purpose  of  this  research  is  to  design  and  to  find  out  the  deviation  of  sensor  of  the  sensors  calibration 
measurement  system  of  the  Test  of  Real  Time  Model  Hybrid  Power  Landfill -PC-Genset  System  in  order  to 
find  out  the  CH4,  methane  gas  content,  temperature,  voltage  and  current  in  the  calibration  instruments. 


2.  CASE  STUDY 

2.1.  The  System  of  Schematic  System 

Figure  1.  illustrates  a  schematic  sequence  of  the  systems  of  measurement,  database  and  data 
presentation.  The  measurement  system  is  divided  into  2  parts:  the  central  measurement  system  and  the 
connecting  measurement  system.  The  central  measurement  system  is  photovoltaic  side,  landfill  biogas  site 
and  generator  side  genset.  The  connecting  measurement  system  consists  of  3  sensors  of  parameters,  they  are; 
smart  monitor  &  datalogger  photovoltaic,  smart  &  datalogger  landfill  biogas  site  and  smart  &  datalogger 
genset.  The  smart  &  datalogger  photovoltaic  consists  of  two  sensors  of  current  and  voltage.  The  smart  & 
datalogger  landfill  biogas s  consists  of  three  sensors;  MQ4  methane  detector  sensor,  current  sensor  and 
voltage  sensor.  The  smart  &  datalogger  genset  consists  of  two  sensors;  ac  current  sensor  and  ac  voltage 
sensor.  These  three  smart  &  datalogger  containing  those  sensors  are  connected  to  a  signal  conditioning  circuit 
that  adjusts  the  sensor  output  to  the  arduino  microcontroller  input. 
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Figure  1 .  The  schematic  sequence  of  the  system 


2.2.  Sensor 

The  sensors  should  be  calibrated  in  the  system  where  it  will  be  used  to  achieve  the  best  accuracy, 
since  there  is  no  sensor  is  perfect,  from  the  sample  to  sample  of  manufactured  variations  means  that  even 
running  two  sensors  from  the  same  producer  can  result  in  slightly  different  readings.  The  difference  in  sensor 
design  means  that  two  different  sensors  can  respond  differently  under  the  same  conditions  [11].  It  especially 
applies  in  the  'indirect'  sensors  that  calculate  the  measurements  based  on  one  or  more  actual  measurements  of 
several  different  but  related  parameters.  Another  reason  is  that  the  sensor  is  only  one  component  in  the 
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measurement  system.  For  example,  with  an  analog  sensor,  your  ADC  is  a  part  of  the  measurement  system 
and  also  depends  on  the  variability,  the  temperature  measurement  depends  on  the  thermal  gradient  between 
the  sensor  and  the  point  of  measurement. 

2.2.1.  MQ4  Methane  Gas  Sensor 

The  MQ4  sensor,  as  shown  in  Figure  2,  is  a  gas  sensor  which  has  high  sensitivity  to  combustible 
gases ,  especially  for  CH4  methane  gas,  as  well  as  to  other  gases,  such  as  propane  and  butane.  The  MQ4 
sensor  has  the  SnCF  material  that  is  sensitive  to  changes  in  combustible  gas.  This  material  has  a  low 
conductivity  when  in  the  open  air  that  does  not  contain  combustible  gas  and  has  a  higher  conductivity  when 
there  is  a  change  in  the  concentration.  The  concentration  of  gas  content  that  the  MQ4  sensor  can  reach  is  300- 
10000  ppm  [12]. 


Figure  2.  MQ4  Sensor  and  Odalog7000  Calibration  Tool 


In  addition,  Figure  3  represents  the  characteristics  of  the  MQ-4  sensor  sensitivity  and  the 
characteristics  of  temperature  and  humidity  dependence.  The  x-axis  represents  the  gas  concentration  in  ppm, 
while  the  y-axis  indicates  the  ratio  of  the  specified  sensor  resistance,  where  Rs  is  the  sensor  resistance  at  a 
certain  concentration  and  R0  is  the  sensor  resistance  at  1000  ppm  of  methane  gas  in  open  air. 

2.2.2.  LM35  Temperature  Sensor 

Figure  4.  FM35  sensor  is  a  small-sized  temperature  sensor  component  such  as  a  transistor  (TO-92). 
This  very  easy-to-use  component  is  capable  of  measuring  temperature  up  to  100  degree  Celsius.  The  FM35 
temperature  sensor  is  an  electronic  component  that  has  a  function  of  converting  the  temperature  to  electrical 
quantity  unit  in  the  form  of  voltage.  The  FM35  sensor  has  a  high  accuracy  and  easy  in  design  compared  to 
other  temperature  sensors.  It  also  has  a  low  impedance  output  and  high  linearity,  so  that  it  can  be  easily 
connected  to  a  special  control  circuit  and  does  not  require  advanced  setup  with  a  linear- scaled  output  voltage 
with  measured  temperature,  10  millivolts  per  1  degree  Celsius.  Although  this  sensor  voltage  can  reach  30 
volts,  but  it  has  only  5  volts  provided  to  the  sensor,  so  it  can  be  used  in  a  single  power  supply  provided  that 
the  it  only  requires  a  current  of  60  pA  It  means  that  the  FM35  sensor  has  the  ability  to  perform  self-heating 
from  the  sensor  which  can  cause  a  low  reading  error  of  less  than  0,5  °C  at  25  °C. 
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Figure  4.  LM35  temperature  sensor  and  temperature  calibration  tool 


2.2.3.  ZMPT101B  Voltage  Sensor 

Figure  5.  ZMPT101B  Ultra  Micro  Voltage  Transformer  has  a  small  size,  high  accuracy,  good 
consistency  for  voltage  and  power  measurement. 


2.2.4.  Current  Sensor 

The  measurement  or  electric  current  detection  is  one  of  the  main  parameters  required  in  electricity. 
For  example,  for  the  large  current  measurement,  power  measurement  and  protection  parameter.  Current 
Transformer  or  CT  is  one  of  the  instrumentation  transformers  which  produces  current  in  the  secondary  where 
the  magnitude  suited  to  the  ratio  and  the  primary  current. 

Current  Transformer  generally  consists  of  an  iron  core  which  is  coiled  by  a  conductor  for  hundred 
times.  The  output  of  the  secondary  is  usually  1  or  5  Amperes,  indicated  by  the  ratio  owned  by  the  CT.  For 
example,  100:  1,  means  that  the  CT  secondary  will  have  an  output  of  1  Ampere  if  the  primary  side  is  passed 
by  100  ampere  current.  If  the  ratio  is  400:  5,  then  the  CT  secondary  will  have  an  output  of  5  Amperes  if  the 
primary  side  is  passed  by  400  ampere  current.  This  sensor  is  non-invasive,  so  that  it  can  be  used  without 
changing  the  wiring  existing  in  advance.  The  procedure  is  that  the  induction  coil  that  detects  the  changes  of 
magnetic  field  around  the  current-carrying  conductor.  By  measuring  the  amount  of  current  generated  by  the 
coil,  we  can  calculate  the  amount  of  current  passing  through  the  conductor.  The  following  is  the  specification 
of  current  sensor  (Non-invasive  Current  Transformer): 

2.2.5.  Mikrocontroller  Arduino  Mega  2560  Rev.  3 

Arduino  is  both  hardware  and  software  of  a  microcontroller-based  electronic  circuit  easily  and 
fastly.  One  of  the  Arduino  boards  is  shown  in  Figure  6.  More  specifically,  the  microcontroller-based  Arduino 
board  used  is  the  Arduino  Mega  by  using  the  ATMega  Rev3  microcontroller.  In  terms  of  software,  Arduino 
IDE  (Integrated  Development  Environment)  is  a  useful  tool  for  writing  programs  (specifically  named  sketch 
in  Arduino),  compiling  and  simultaneously  uploading  them  to  the  Arduino  board.  The  basic  Arduino 
Programming  Language  is  C/C++. 


Figure  6.  Current  Sensor  and  temperature  calibration  tool 
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The  structure  of  the  arduino  mega  2560  is  shown  in  the  Figure  7.  Especially  for  digital  pins,  every 
pin  is  only  assigned  to  handle  one  of  the  modes,  which  is  either  as  the  input  or  ouput.  If  it  becomes  an  input, 
the  value  on  pin  will  be  determined  by  the  outsider  and  can  be  read  through  digitalRead()  command.  If  it 
becomes  an  output,  the  value  on  the  pin  is  set  by  Arduino  and  can  be  determined  by  the  digitalWrite() 
command.  The  determination  of  a  pin  mode  as  input  or  output  is  determined  by  pinMode(). 


Figure  7.  Arduino  Mega  2560  (Rev  3) 


3.  DESIGN  SYSTEM 

3.1.  Flowchart  of  The  Processes  of  HPS  LFG-PV-Genset  Calibration  Measurement 

Figure  8  presents  that  the  is  input  circuit  consisting  of  four  sensors;  voltage  sensor,  current  sensor, 
temperature  sensor  and  CH4  methane  gas  sensor  which  is  the  MQ4  sensor  to  read/measure  the  magnitude  of 
CH4  methane  gas  which  has  1  pin  input  connected  to  pin  A5,  AC  sensor  of  pin8  to  analog  A1  in  arduino 
microcontroller  and  voltage  sensor  to  analog  pin  A2  in  arduino  microcontroller.  Then,  the  arduino  mega2560 
rev3  ADC  microcontroller  transforms  its  value  to  the  digital  form.  Therefore,  the  hardware  design  consisting 
of  arduino  Mega  R3  microcontroller,  MQ4  sensor  circuit  and  FCD  circuit.  This  sensor  circuit  is  the  main 
circuit  in  designing  the  smart  datalogger  biogas  site. 


Figure  8.  Flowchart  of  the  processes  of  HPS  FFG-PV-genset  calibration  measurement 


3.2.  The  Schematic  Design  of  HPS  LFG-PV-Genset  Sensor 

Figure  9  illustrates  the  hardware  design  consisting  of  arduino  Mega  R3  microcontroller,  MQ4  sensor 
circuit  and  LCD  circuit.  This  circuit  is  in  the  smart  datalogger  biogas  site.  The  input  circuit  consists  of  the 
CH4  methane  gas  MQ4  sensor  to  read/measure  the  magnitude  of  CH4  methane  gas  which  has  1  pin  input 
connected  to  pin  A5,  AC  sensor  of  pin8  to  analog  A1  in  arduino  microcontroller  and  voltage  sensor  to  analog 
pin  A2  in  arduino  microcontroller.  Then,  the  arduino  Mega2560  rev3  ADC  microcontroller  transforms  its 
value  to  the  digital  form.  The  microcontroller  circuit  used  is  Arduino  Mega  ADK  Rev3  board -based 
microcontroller  by  using  ATmega2560  chip.  This  board  has  a  lot  of  I/O  pins;  54  digital  I/O  pins  (15  pins  of 
which  are  PWM),  16  analog  input  pins,  4  UART  pins  (serial  port  hardware).  The  Arduino  Mega  2560  is 
equipped  with  a  16  Mhz  oscillator,  a  USB  port,  DC  power  jack,  ICSP  header,  and  a  reset  button.  This  board 
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is  very  complete.  It  already  has  everything  needed  for  a  microcontroller.  With  a  fairly  simple  usage,  it  just 
needs  a  connection  to  the  power  from  the  USB  port  to  your  PC  or  through  the  AC/DC  adapter  to  the  DC  jack. 


Figure  9.  The  schematic  circuit  of  HPS  LFG-PV-genset  sensor 


4.  RESULTS 

The  results  of  the  tool  calibration  test  are  as  follows: 

4.1.  The  Calibration  Test  of  CH4  Methane  Gas  Sensor 

The  output  value  of  the  MQ4  sensor  is  in  the  form  of  resistance.  In  order  to  get  the  output  of 
voltage,  it  is  given  for  a  voltage  divider  circuit.  The  purpose  of  the  measurement  of  MQ4  methane  gas  sensor 
is  to  determine  the  value  of  ADC  data  on  MQ4  sensor.  The  methane  calibration  using  adalog7000  was 
conducted  at  the  exit  point  of  the  vessel  and  the  ADC  data  output  was  then  recycled  using  the  Arduino  port. 
ADC  data  obtained  from  the  measurement  of  the  MQ4  methane  gas  sensor  are  shown  in  Table  1. 


Table  1.  The  Results  of  Calibration  of  ADC  Data  of  MQ4  Sensor 


1 

Sensor  MQ4  Reading 

58.75 

58.75 

58.75 

58.75 

58.74 

58,72 

58.71 

58.69 

58.66 

58,65 

58,64 

58,63 

58,62 

58,62 

2 

Adalog7000 

61 

61 

61 

61 

61 

61 

61 

61 

61 

60 

60 

60 

60 

60 

3 

Deviation  (%) 

2.25 

2.25 

2.25 

2.25 

2.26 

2.28 

2.29 

2.3 

2.32 

1.34 

1.36 

1.36 

1.37 

1.8 

From  the  results  of  calibration  test,  the  largest  difference  is  obtained  in  the  deviation  of  2,28%,  with 
the  smallest  difference  of  1,34%.  The  result  of  the  experiment  showed  that  the  data  acquisition  system  of 
CH4  methane  gas  has  an  error  of  1,91%.  The  value  was  obtained  by  summing  up  all  error  values  of  each  test 
divided  by  the  number  of  tests  (15  times). 

4.2.  The  Calibration  Test  of  LM35  Temperature  Sensor  Circuit 

The  test  of  LM35  sensor  was  conducting  by  providing  5  volts  on  the  leg  of  Vcc  sensor  as  the 
activation,  and  then  was  measured  for  the  output  voltage.  The  value  of  output  voltage  was  compared  with  the 
temperature  calibration  value  using  solder  variable  supply  with  temperature  display.  The  load  used  is  using 
incandescent  lamp.  The  data  resulted  are  as  follows  in  Table  2. 


Table  2.  The  results  of  calibration  of  ADC  data  of  LM35  sensor 


1 

Sensor  Reading 

1,12 

41,95 

51,23 

63 

70,65 

83 

93,01 

101,23 

112,3 

123,76 

2 

Temperature  Solder 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

3 

Thermometer 

30,2 

41,15 

51,56 

62,05 

71 

83,06 

92,36 

100,06 

112 

122,57 

4 

Deviation  (A) 

0,92 

0,8 

-0,33 

0,95 

-0,35 

-0,06 

0,65 

1,17 

0,25 

1,19 
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From  the  data  above,  it  can  be  seen  that  the  output  voltage  of  LM35  is  linear  with  a  change  of  0.01 
volts  (lOmV)  for  every  either  increase  or  decrease  in  temperature  per  1°C.  The  data  shows  the  LM35 
temperature  sensor  used  in  the  system  design  is  accurate  in  temperature  readings.  The  output  data  of  LM35 
sensor  are  the  analog  data  which  will  be  converted  to  ADC  digital  data  through  microcontroller  execution. 
The  result  of  experiment  shows  that  the  acquisition  system  of  temperature  data  has  an  error  of  0.51 9 °C,  The 
value  was  obtained  by  summing  up  all  error  values  of  each  test  divided  by  the  number  of  tests  (10  times). 


0  4 - - - . - - - - - - ■ - . - -  —  . 

JI12  4195  51  25  C  *0<!  15  95  01  101  25  1122  12274 

Sauer  1_3.C25 

Figure  10.  The  graphic  of  calibration  of  MQ  sensor  resulted  from  the  proposed  design 


4.3.  The  Calibration  Test  of  SCT  013  Non-Invasive  Current  Sensor  Circuit 

The  working  principle  of  this  current  sensor  is  to  detect  the  magnetic  field  of  the  current  wire  with 
IC  Hall  effect  which  is  already  integrated  within.  The  amount  of  incoming  current  is  proportional  to  the 
magnitude  of  the  generated  magnetic  field.  Table  3  shows  results  of  calibration  of  ADC  data  of  SCT  013 
sensor. 


Table  3.  The  Results  of  Calibration  of  ADC  Data  of  SCT  013  Sensor 


1 

Load  (watt) 

100 

140 

160 

175 

200 

240 

260 

275 

300 

340 

2 

I  multitester  (A) 

0,18 

0,25 

0,29 

0,32 

0,36 

0,44 

0,47 

0,51 

0,54 

0,62 

3 

I  Sensor  Reading  (A) 

0.191 

0,273 

0,300 

0,327 

0,355 

0,44 

0,46 

0.494 

0,52 

0,6 

4 

Deviation  (A) 

-0,011 

-0,023 

-0,01 

-0,007 

0,005 

0,003 

0,008 

0,012 

0,02 

0,019 

SCT  013  Non-invasive  current  sensor  test  was  conducted  by  providing  100  to  340  watts  of  load, 
while  the  direct  current  output  was  observed  data  were  obtained  in  Figure  1 1 . 
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Figure  11.  The  graphic  of  calibration  of  SCT  013  non-invasive  sensor  from  the  proposed  design 
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The  result  of  experiment  shows  that  the  acquisition  system  of  current  data  has  an  error  of  0.0022  A. 
The  value  was  obtained  by  summing  up  all  error  values  of  each  test  divided  by  the  number  of  tests  (10 
times). 

4.4.  The  Calibration  Test  of  ZMPT101B  Voltage  Sensor  Circuit 

Figure  12  shows  result  of  experiment  shows  that  the  acquisition  system  of  current  data  has  an  error 
of  1,499  V.  The  value  was  obtained  by  summing  up  all  error  values  of  each  test  divided  by  the  number  of 
tests  (28  times). 


250 


Figure  12.  The  graphic  of  calibration  of  ZMPT101B  sensor  from  the  proposed  design 


5.  CONCLUSION 

Based  on  the  data  and  the  results  of  the  discussion  conducted,  the  conclusions  are  as  follows: 

a.  Based  on  the  result  of  calibration  test  of  Hybrid  Landfill  Gas-Solar-Genset  Model,  it  is  found  that  the 
designed  MQ4  sensor  has  an  error  value  of  1,91%,  and  LM35  temperature  sensor  is  able  to  monitor 
temperature  ranging  from  30°C  to  120°C  and  has  an  error  value  of  0,519°C.  ZMPT101B  voltage  sensor 
has  a  linear  output  change  to  the  input  change  and  has  an  average  error  value  of  1,499  V.  While  the  SCT 
013  current  sensor  has  an  average  error  value  of  0,0022 A. 

b.  From  the  calibration  process,  it  can  be  concluded  that  the  Hybrid  Landfill  Solar  Cell  Gas  and  Genset 
Model  has  a  good  accuracy  with  small  resolution,  thus,  this  prototype  can  be  used  with  a  good  real-time 
reading  result. 

c.  After  assembling  the  DHT11  Temperature  Sensor,  Voltage  Sensor  and  SCT  013  Current  Sensor  into 
Arduino  and  connecting  it  to  Power  Supply ,  then  connecting  the  Arduino  to  the  computer  through  the 
USB  cable,  the  computer  will  detect  the  existence  of  Ardunio  with  the  port  it  used. 
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